A number of potentially useful compounds with various biological activities can be obtained from plant metabolites by microorganisms. In present research, essential oil of Calamintha glandulosa was subjected to the biotransformation process by mycromicete Aspergillus niger. GC/MS analyses of the original and biotransformed essential oil have revealed six (1-6) biotransformed compounds from one of the main component-limonene and one biotransformed product (7) originating from the less abundant component-thymol. Piperitone epoxide and piperitenone epoxide, the most abundant components of the original oil, were not biotransformed but gave three artefacts (A1, A2, B1) due to the acidic conditions formed in A. niger medium. Compounds 5, 6 as well as 7 have not been previously found as a biotransformation products of limonene (5 and 6) and thymol (7), respectively. New products (5, 6, and 7) together with the artefacts, were isolated by silica gel column chromatography followed by preparative silica gel thin layer chromatography, and their structures were established by a combination of 1D and 2D NMR spectra and GC/MS data. Biotransformation has one more confirmed as useful method, complementary to synthesis, for obtaining different type of molecules.
Biotransformation represents process of chemical changes of natural products by specific organisms. In most cases biotransformation process includes transformation of terpenes and aromatic compounds as starting compounds by bacteria, fungi, and mammals [1, 2] . Many compounds different from the original emerged as a products of biotransformation. For example, if unsaturated compounds are biotransformed the main chemical reactions are introducing OH groups on the double bonds, in allylic positions, epoxidation or hydrogenation of double bonds. Similarly, aromatic compounds can be biotransformed in benzyl positions [3] . Biotransformation sometimes can be useful tool in organic synthesis when one of the many possible stereoisomers are obtained using specific bacteria, fungi, yeast or some higher organism. Additionally, using a biotransformation, from the racemic mixtures one enantiomer can be isolated; one of them can be stable towards biotransformation while another one undergoes microbial changing. In that way they can be separated and one enantiomer can be obtained pure. Microbial resolution of racemic limonene by Penicillium digitatum was used for the separation of 4R-(+) and 4S-(-)-limonene, since the 4R (+)-isomer was converted totally to 4R-(+)-α-terpineol while 4S-(-)-isomer did not react and stood unchanged [1] .
Limonene represents one of the most widely distributed monoterpene after α-pinene [4] . In Citrus peel oil it is present at a concentration over 90% and in lower concentrations it can be found in EOs of higher plants, such as Cotinus coggygria, 47% [5] . Limonene is monoterpene hydrocarbon with two double bonds and hence very convenient for the biotransformation. Biotransformation of limonene has been widely investigated using many different organisms especially fungi and bacteria, and numerous products have been found [6, 7] .
EOs have not been often biotransformed because of the complexity of products. But if an EO contains a small number of the main components, it can be biotransformed with successful analysis of bioproducts [8] . In this work the essential oil of C. glandulosa have been subjected to the biotransformation process by fungi A. niger. To the authors best knowledge, two of the biotransformed products of limonene and one of thymol have been found for the first time as biotransformation products.
Calamintha spp. (Lamiaceae family) are well known for antioxidant properties of their essential oils and extracts [9, 10] . Chemical composition of the essential oil (EO) of C. glandulosa has already been investigated; limonene, piperitone-epoxide and piperitenoneepoxide have often been found as the main components [11] [12] [13] . The same major volatile components were found in the investigated original essential oil piperitone-epoxide (30.3%), piperitenoneepoxide (25.8%) and limonene (22.9%). Small amounts of monoterpenoids, terpinene-4-ol (1.8%), α-terpineol (0.6%), and thymol (0.2%) were identified. biotransformed and bioproducts can easily be determined. Biotransformation of the caraway oil, equal mixture of (+)-limonene and (+)-carvone, by the red yeast Rhodotorula sp. led to the detection only (+)-carvone since (+)-limonene was biotransformed to the (+)-carvone via (+)-carvol and (+)-carvone remained unchanged [14] . Limonene is well known biotransformation starting compound. It gave numerous biotransformed products predominantly using fungi, yeast and bacteria [6, 7] . The main targets in the structure of limonene were double bonds and allylic positions.
In the case of EO of C. glandulosa, limonene was biotransformed and piperitone-epoxide and piperitenone-epoxide, another two main constituents did not undergo biotransformation process, but they took part in small amount in side reactions giving artefacts. Compounds 1 -6 are the biotransformed products of limonene (Figures 1 and 2 ). Compound 7 is biotransformation product of thymol (Figures 1 and 3 ). Compounds A1, A2, and B1 are artefacts appeared after opening of an epoxide ring of piperitenone-and piperitone-epoxides, respectively, due to the acidic conditions (pH 3.1) emerged in medium obtained after action of fungi (Figures 1  and 4 ). Piperitone-epoxide and piperitenone-epoxide were stable against biotransformation by A. niger. Using A. niger the most common change was allylic oxidation [7, 15] . Compound 1 (terpinene-4-ol) emerged after introduction of the OH group at the allylic position of the Δ 8,9 double bond in limonene; compound 2 (α-terpineol) was a result of the introduction of OH group at the Δ 8,9 double bond of limonene. Compound 3 (carvone) arose after introduction of the OH group at the allylic position (C-6) of the Δ 1,2 double bond of limonene (carveol), followed by the oxidation to a ketone. Compound 4 (isopiperitenone) is a product formed from limonene after allylic introduction of OH group at position 3 and further oxidation to ketone. For the compound 5 (4-hydroxyisopiperitenone) double allylic introduction of the OH group occurred (at positions C-3 and C-4 of limonene) followed by the oxidation of 3-OH group to ketone. For the compound 6 (4-hydroxypiperitone) preposition is that after addition of OH group at the allylic position C-4 of limonene, hydrogenation of the Δ 8, 9 double bond occurred (Figures 1 and 2 ). In the case of thymol, biotransformation occurred at the benzyl position and compound 7 was obtained (Figure 3 ). Terpinene-4-ol (1) is known biotransformation product of limonene using A. niger [6] . α-Terpineol (2) is obtained from limonene firstly by Penicillium sp. [16] and later by Pseudomonas gladioli [17, 18] , A. niger [1] , and by P. citrus pathogenic fungi, Penicillium digitatum [8, 19] . Cadwallander and Braddock found that P. gladioli transformed stereospecifically 4R(+)-limonene to 4R(+)-α-terpineol and 4S(-)-limonene to 4S(-)-α-terpineol [18] . Micromycete Cladosporium, was able to convert D-limonene into an optically active isomer of α-terpineol [20] . Carvone (3) is known product of biotransformation of limonene by A. niger [6] . P. digitatum and P. italicum, produced (+)-carvone from limonene [21] . Corynebacterium species which is grown on limonene produced about 10 mg/L of 99% pure (-)-carvone for 24-48 h [22] . Isopiperitenone (4) is known product of biotransformation of limonene by Aspergillus cellulosae IFO4040 [23] . Compounds 5 and 6 have not been previously reported as biotransformation products of limonene and compound 7 as biotransformation product of thymol. One of the artefacts, diosphenolene (A2) is already known as compound emerged from hydrolysis of piperitenoneepoxide in acidic conditions confirming our findings [24] .
New biotransformation products (5, 6 and 7) were characterized using 1D and 2D NMR spectra. Optical rotation of biotransformed compounds have not been determined since the absolute structure of
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Experimental
General experimental procedures: Silica gel 60 (SiO 2 ; under 0.063 mm, Merck) was used for the column chromatography. Analytical and preparative TLC were carried out on silica gel 60 GF254 20 × 20 cm plates, layer thickness 0.25 mm (Merck). NMR spectra ( 1 H, 13 C, HSQC, HMBC) were recorded on a Varian 500-PS spectrometer at 500 MHz for 1 H and 125 MHz for 13 C, with CDCl 3 as solvent and TMS as reference. GC/MS was conducted on an Agilent Technologies 6890N gas chromatograph coupled with a mass detector Agilent Technologies 5973, provided with a DB 5 (30 m × 0.25 mm ID × 0.25 μm df) capillary column. The analyses were performed in EI mode (70eV) using He at 1 mL/min. The injection temperature was set at 250 ºC. The analyses were carried out using a temperature program starting from 50 ºC with an initial 5 min hold to 250 ºC, with a 10 ºC/min heating increase and keeping the final temperature stable for 20 min. The mass range was set at m/z 40-500 with 3 scans. Transfer line was set at 280 ºC. Co-injection of the extracts with C9-C25 hydrocarbons was performed under the same conditions. Plant material: Plant material of C. glandulosa (Req.) Bentham, was collected from the hill Vijenac near the town Benkovac (Croatia), in July 2014. A voucher specimen has been deposited in the Herbarium at the Institute of Botany and Botanical Garden "Jevremovac", University of Belgrade (BEOU). Material was dried at room temperature.
Essential oil distillation:
The EO of C. glandulosa was obtained by hydrodistilation of the dried plant material (300 g) by Clevenger apparatus. Volume of 5.40 mL (5.086 g) of the EO was obtained, representing the yield of 1.7%.
Separation of compounds from the biotransformed essential oil:
The combined n-hexane extracts of biotransformed essential oil of C. glandulosa were chromatographed on silica gel column using n-hexane/ethyl acetate gradient system (Table S1 , Supplementary Material). Compounds 1 and 2 were isolated from the fractions 24-26 and 21-23, respectively; compounds 3 and 4 from the fractions 42-48, and 76-80, respectively; compound 5, 6 from the fractions 65-70, and 7 from the fractions 59-64. Further separation and purification was done using preparative TLC plates of silica gel. The system used was n-hexane/ethyl acetate 85:15 for compounds 1, 2, 3, and 4, and 80:20 for compounds 5, 6, and 7.
Cultivation of A. niger and biotransformation: Aspergillus niger TBUYN-2, were inoculated in the 500 mL Erlenmeyer flask with 200 mL of medium containing 10 g of polypepton and 40 g of glucose. Refreshed micromycete was left to grow in rotary incubator shaker at 120 rpm, 25 °C for 3 days. After full growth of micromycete, 200 μL essential oil was added. The cultured medium with essential oil was left for 7 days under the same condition (shaking at 120 rpm, 25 °C). After 7 days medium and micelia were extracted with n-hexane respectively and each extract was subjected to GC/MS analysis.
There were five replicates of an experiment. Since all n-hexane extracts exhibited the same GC profile they were combined together to have more material for the further isolation by silica gel column chromatography and preparative thin layer chromatography. Structures were determined by NMR. Media controls have been checked and none of compounds obtained by biotransformation have been found in n-hexane extract of media. Additionally, triplicate experiment carried out with the essential oil and media alone has been conducted. No change in monoterpene content has been noticed in n-hexane extract of this mixture in comparison to essential oil. 
Supplementary data:
1 H and 13 C NMR spectra of biotransformation products 5, 6, and 7, are given in Supplementary Material.
